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Abstract of JP2000103960 

PROBLEM TO BE SOLVED: To obtain a foamed board or sheet, made of a polyamide-based resin, 
obtained by uniformly and minutely foaming the resin, and having a small rate of the open cells, further 
to obtain the polyamide-based resin composition usable for producing such the foamed board or sheet, 
and to provide a method for producing them. SOLUTION: A compound having >=3 carboxylic 
anhydride groups in one molecule, a copolymer of an &alpha ,&beta -unsaturated carboxylic anhydride 
and styrene and/or an olefin, or a polycarbonate resin is used as a modifier. The modifier is added to a 
polyamide-based resin, and melted and mixed to obtain a composition having 2,000-20,000 poise melt 
viscosity at the temperature 30 deg.C higher than the melting point of the original polyamide-based 
resin, >=1.4 die-swelling ratio, and >=2 g melt tension. The composition is foamed to obtain the 
objective foamed product. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to that manufacture approach at the polyamide system 
resin for foaming by which reforming was carried out as suitable for making the foam of polyamide 
system resin and the polyamide system resin foam which that resin by which reforming was carried out 
was made to foam, and was obtained, and a list. 
[0002] 

[Description of the Prior Art] Polyamide system resin is tough and excellent in abrasion resistance, 
lubricity, chemical resistance, and oilproof. Therefore, foam, then the foam in which the obtained foam 
had these properties should be obtained in polyamide system resin. However, since polyamide system 
resin is crystalline resin, it has the property to decrease melt viscosity rapidly near a crystalline melting 
point. For this reason, it is difficult for polyamide system resin to be hard to make the viscosity suitable 
for foaming discover, therefore to make it foam. Then, it reformed so that it might have the viscosity 
which added various additives to polyamide system resin, and was suitable for foaming, and the attempt 
for which it is going to make this foam was made. However, each of these attempts has a difficulty and 
was not able to give satisfactory polyamide system resin foam. 

[0003] For example, JP,55-125127,A added the metal ion bridge formation alpha olefin system polymer 
to polyamide system resin, considered as mixture, fused this mixture, and has indicated how to press a 
foaming agent fit in this and to manufacture polyamide system resin foam. However, by this approach, 
the foam from which it was obtained to the polyamide system resin 100 weight section since the metal 
ion bridge formation alpha olefin system polymer added as an additive had to be 40 - 90 weight section 
thing mass becomes what lost the property of polyamide system resin original. 
[0004] Moreover, JP,61-195134,A used special polyamide system resin called nylon 4 and 6, and has 
indicated how to extrude this, make it foam and make it into polyamide system resin foam. However, it 
is a thing using the particulars of nylon 4 and 6 resin, and the approach which this official report 
indicates cannot be used to common polyamide system resin, and the form of foam is also restricted to a 
rod-like thing and it cannot make the thing of other configurations for it. Therefore, this approach cannot 
turn into the manufacture approach of general polyamide system resin foam. 

[0005] Moreover, JP,7-76285,B has indicated how to extrude the mixture which added the cross linking 
agent to polyamide system resin, and was obtained, make it foam, and make it into foam. In this case, 
this official report has restricted what is used as a cross linking agent to acid 2 anhydride and the 
polyfunctional epoxy compound. Acid 2 anhydride is a compound which contains only two carboxylic 
anhydride radicals in 1 molecule. 

[0006] However, in having used such a cross linking agent, the high melt viscosity which is sufficient 
for making it foam was not able to be given to polyamide system resin. For this reason, in having 
foamed by extruding according to the approach which the above-mentioned official report teaches, even 
if the extruded resin contained air bubbles, those air bubbles tended to be crushed, and since resin tore to 
pieces or split when the extruded resin was pulled, the foam of a satisfactory configuration was not able 
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to be obtained. Therefore, by the approach which this official report teaches, the foam of the shape of a 
plate or a sheet was not able to be made from the ability to only make rod-like foam. 
[0007] On the other hand, if the polycarbonate resin made from bisphenol A by polyamide system resin 
is mixed and heating kneading of this mixture is carried out, it is known that polyamide system resin 
will cause a crosslinking bond and the melt viscosity of mixture will go up. it - the magazine in 1992, 
and Journal of Polymer Science — it is indicated by volume [ 46th ] 1887 - 1897 pages. However, this 
magazine has not made reference at all about making resin foam. 

[0008] Moreover, JP,8-5986,B put in and fused polyamide system resin to the extruder, pressed wood 
ether fit in this as a foaming agent, and has indicated carrying out extrusion foaming. According to this 
approach, foam with uniform air bubbles is obtained, but since air bubbles are an average of 1mm or 
more greatly, the obtained foam does not become the good thing of an appearance. Although it has 
indicated that the sheet-like foam other than rod-like foam was obtained by this approach, since the 
viscosity of the fizz constituent extruded by this approach is low and air bubbles will be torn if it pulls, 
the obtained sheet-like foam becomes what has a large rate of an open cell. 

[0009] Thus, by the manufacture approach of old polyamide system resin foam, the plate or sheet on 
which it was foaming uniformly minutely and polyamide system resin with the small rate of an open cell 
foamed was not able to be obtained. The foam with the large rate of an open cell is lacking in the cutoff 
nature of heat or a sound, and since reinforcement is also weak, as foam, its value is low. Therefore, it is 
the plate or sheet on which it foamed uniformly minutely, and, moreover, the appearance of foam with 
the small rate of an open cell was demanded. 
[0010] 

[Problem(s) to be Solved by the Invention] This invention is produced according to the above requests. 
That is, it is foaming to this invention uniformly minutely, moreover it tends to offer the foaming plate 
or sheet made of polyamide system resin with the small rate of an open cell, and tends to provide the 
polyamide system resin constituent for manufacturing such a foaming plate or a foaming sheet and, and 
a list with those manufacture approaches. 
[0011] 

[Means for Solving the Problem] Although to add a cross linking agent to this and to improve melt 
viscosity had so far been tried in order to make polyamide system resin foam, this artificer has noticed 
that an old attempt passes to the repeat of trial-and-error and is not scientific and systematic. Then, since 
the range of melt viscosity required for examining whether this artificer can make this foam when 
polyamide system resin has what kind of melt viscosity, and making it foam was specified, examination 
was begun. 

[0012] Furthermore, in order for this artificer to extrude polyamide system resin, to make it foam and to 
consider as a good foaming plate or a foaming sheet, it examined what [ other than melt viscosity ] is the 
need. Consequently, this artificer found out that it was the need that the die swell ratio and melting 
tension of polyamide system resin are more than constant value, in order to have obtained the good 
foaming plate or good sheet of polyamide system resin by extrusion foaming. 
[0013] Namely, although it aims at reforming polyamide system resin by adding a modifier to 
polyamide system resin and carrying out melting kneading in order for this artificer to make polyamide 
system resin foam It traced that it should aim at having 2,000-20,000poise melt viscosity, and having the 
die swell ratio of 1 .4 more than, and the melting tension of 2g or more as a purpose of reforming in 
temperature only with 30 degrees C higher than the melting point of the polyamide system resin of a 
basis at that time. And since the polyamide system resin which had such melt viscosity and a die swell 
ratio, and melting tension until now was not able to come to hand, it checked that a good foaming plate 
or a foaming sheet was not obtained. 

[0014] Moreover, in order to obtain the polyamide system resin for foaming with the above melt 
viscosity, a die swell ratio, and melting tension, as a modifier, using a copolymer with compound, alpha, 
and beta-unsaturated-carboxylic-acid anhydride, the styrene, and/or the olefin which had three or more 
carboxylic anhydride radicals in 1 molecule, or polycarbonate resin, this artificer mixed this modifier 
with polyamide system resin, and found out that it was suitable to carry out heating fusion and to make 
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this mixture. This invention is completed based on such knowledge. 

[0015] This invention will offer the poly amide system resin for foaming which can make foam 
immediately, if polyamide system resin presses a foaming agent fit first to carry out reforming 
exceptionally and fUse this. The melt viscosity in temperature only with 30 degrees C higher than the 
melting point of the polyamide system resin of a basis is 2,000-20,000poise, and this resin for foaming 
is characterized by for a die swell ratio being 1 .4 or more, and melting tension being 2g or more. 
[0016] Moreover, this invention also offers the manufacture approach of the above-mentioned 
polyamide system resin for foaming. The manufacture approach is characterized by kneading a 
copolymer with compound, alpha, and beta-unsaturated-carboxylic-acid anhydride, the styrene, and/or 
the olefin which had three or more carboxylic anhydride radicals in 1 molecule, or polycarbonate resin 
under heating of the mixture added and obtained. 

[0017] Moreover, this invention also offers the foam from which the above-mentioned polyamide 
system resin for foaming foamed, and was obtained. Invention about this foam is characterized by 
making the reforming resin whose melt viscosity in temperature only with 30 degrees C higher than the 
melting point of the polyamide system resin of a basis consist of resin which added and reformed the 
modifier to polyamide system resin, and is 2,000-20,000poise and whose melting tension a die swell 
ratio is 1 .4 or more, and is 2g or more come to foam with a foaming agent. 

[0018] Furthermore, this invention offers the manufacture approach of polyamide system resin foam. 
Carry out melting kneading, use the manufacture approach as reforming resin, and it sets only 30 
degrees C of mixture which added the modifier to polyamide system resin and was obtained rather than 
the melting point of the polyamide system resin of a basis to reforming resin at high temperature. 2,000- 
20,000poise melt viscosity, the die swell ratio of 1 .4 more than, and the melting tension of 2g or more 
are given, while this is in a melting condition within an extruder, a foaming agent is included in this, and 
it is characterized by making the obtained fizz resin extrude and foam to a low voltage field. 
[0019] In the above-mentioned manufacture approach, it is suitable to use as a modifier a copolymer 
with compound, alpha, and beta-unsaturated-carboxylic-acid anhydride, the styrene, and/or the olefin 
which had three or more carboxylic anhydride radicals in 1 molecule, or polycarbonate resin. 
[0020] 

[Embodiment of the Invention] In this invention, polyamide system resin is used as resin. Polyamide 
system resin is the high polymer which repeated acid-amide joint-CONH- and it had in the unit, and, 
generally it is called nylon. This resin is manufactured according to the ring opening polymerization of a 
lactam, the polycondensation of an amino carboxylic acid, and the polycondensation of diamine and 
dicarboxylic acid. 

[0021] Polyamide system resin is called nylon 6, nylon 6, 6, etc. by the carbon number of the carbon 
number of the lactam in the case of the manufacture, the carbon number of an amino carboxylic acid, 
diamine, and dicarboxylic acid. For example, nylon 6 is polyamide resin obtained by the ring opening 
polymerization of epsilon caprolactam, and nylon 6 and 6 are polyamide resin obtained according to the 
polycondensation of a hexamethylenediamine and an adipic acid. 

[0022] The polyamide system resin which can be used by this invention is nylon 6, nylon 6, 6, nylon 10, 
Nylon 1 1, Nylon 12, nylon 6, 12, Nylon 12, 12, nylon 4, and 6 grades. Although these polyamide system 
resin can be used even if it is independent, two or more sorts of things can also be mixed and used for it. 
[0023] Moreover, by this invention, other resin can also be mixed and used for polyamide system resin 
within limits which do not spoil that property. As other resin, they are polystyrene, polyethylene, 
polypropylene, polyethylene terephthalate, polybutylene terephthalate, polyethylenenaphthalate, etc. 
Other resin is used as 50 or less % of the weight of polyamide system resin. 

[0024] Since polyamide system resin is hard to maintain the viscosity suitable for foaming as mentioned 
above, it is difficult for it to make this foam. It is as follows when this point is explained in full detail. 
Generally, polyamide system resin is fused within an extruder, a foaming agent is pressed fit in this, and 
it considers as fizz resin, if it extrudes from the metal mold which attached this fizz resin at the tip of an 
extruder, the extruded resin will once generate air bubbles, but since the viscosity of resin is low, those 
air bubbles will be crushed immediately. Moreover, if few force is applied to resin since the viscosity of 
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resin is low even if air bubbles remain in the extruded resin, air bubbles will be torn, and resin will tear 
to pieces or split. For this reason, although the Plastic solid of the shape of a rod which does not need to 
pull the extruded resin can be made as foam, since the Plastic solid of the shape of a plate or a sheet 
needs to take over the extruded resin, it cannot make this. 

[0025] In order to make into the shape of tabular or a sheet the resin extruded especially, the resin which 
came out of metal mold must be advanced along with a mandrel, or it must lead between rolls, and a 
form must be maintained or amended tabular or in the shape of a sheet, and it must be made to have to 
foam, preparing a form, and must cool after that. Since polyamide system resin has low viscosity, by the 
time it results [ from metal mold ] in a mandrel or a roll, it tends to hang down with a self-weight. In 
order to prevent this hanging down, when it supports by force for this reason, air bubbles will be crushed 
again. 

[0026] In order to make it go on along with a mandrel by using the extruded resin as a sheet, it is 
necessary to pull a sheet by the big force in which a plate or a sheet excels the fractional resistance 
produced between mandrels. For this reason, the small resin of melt viscosity is extended by that tensile 
force, or can be torn. Moreover, since it must let the extruded resin pass into the gap of a narrow roll 
when letting the extruded resin pass between rolls, as for the small resin of melt viscosity, in response to 
a pressure, air bubbles will be crushed between rolls. For such a reason, the foaming plate or the 
foaming sheet was not able to be manufactured by the small polyamide system resin of melt viscosity. 
[0027] The conventional method of adding this to polyamide system resin and fusing it using the 
compound or polyfunctional epoxy compound which had two carboxylic anhydride radicals in 1 
molecule as a cross linking agent, only raised some melt viscosity of polyamide system resin, and was 
not able to enlarge melt viscosity even at extent from which a foaming plate or a foaming sheet is 
obtained. The melt viscosity was only l,000poise at most in temperature only with 30 degrees C higher 
than the melting point of the polyamide system resin of a basis. 

[0028] The compound with which this invention had three or more carboxylic anhydride radicals in 1 
molecule as a modifier, By adding, heating and kneading a copolymer with alpha and beta-unsaturated- 
carboxylic-acid anhydride, styrene, and/or an olefin, or polycarbonate resin We decided that polyamide 
system resin is reformed, only 30 degrees C of reforming resin which had 2,000-20,000poise melt 
viscosity in high temperature are obtained from the melting point of the polyamide system resin of a 
basis, and the foaming plate or sheet of polyamide system resin is obtained by this. This was not known 
until now. 

[0029] In this invention, one of the compounds which can be used as a modifier is the compound which 
had three or more carboxylic anhydride radicals in 1 molecule as mentioned above. This compound is 
glycerol (anhydrotrimellitate). Compared with the compound in which the compound with such three or 
more carboxylic anhydride radicals had two carboxylic anhydride radicals, the reforming capacity of 
polyamide system resin differs exceptionally. Because, the bridge formation by the cross linking agent 
of polyamide system resin or reforming by the modifier The place considered to be carried out when a 
cross linking agent or a modifier combines with a polyamide system pitch child's edge, Although 
association cannot take place in three dimensions in a cross linking agent with two carboxylic anhydride 
radicals, it is because according to the modifier with three carboxylic anhydride radicals the molecule of 
polyamide system resin will join together in three dimensions and a molecule will grow large. 
[0030] In this invention, other compounds which can be used as a modifier are copolymers with alpha 
and beta-unsaturated-carboxylic-acid anhydride, styrene, and/or an olefin. As an alpha and beta- 
unsaturated-carboxylic-acid anhydride, a maleic anhydride, a methyl maleic anhydride, a chloro maleic 
anhydride, etc. can be used, and styrene, ethylene, a propylene, etc. can be used as styrene and/or an 
olefin. The typical thing of this copolymer is a copolymer with a maleic anhydride, styrene, or ethylene. 
Such a copolymer is marketed. For example, they are the SMA resin currently sold from Elf Atochem, 
die Larc resin currently sold from ARCO Chemical. What contains 3 - 80% of the weight of the 
carboxylic anhydride radical in 1 molecule on the average as a copolymer is desirable. 
[003 1] Another compound to the pan which can be used in this invention is polycarbonate resin. 
Speaking generally, polycarbonate resin's having usually pointed out that whose above R is the nucleus 
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of bisphenol A, although it is the linear-macromolecule object which had carbonate joint-O-R-O-CO- in 
the principal chain. It is made difficult to mix polycarbonate resin with polyamide system resin. 
Moreover, if polycarbonate resin is added to polyamide system resin and it goes, the melt flow rate of 
mixed resin decreasing, or increasing by change of the addition rate, is known. However, making 
foaming of polyamide system resin easy by addition of polycarbonate resin has this invention, and it 
makes it 

[0032] These modifiers are independent, or two or more sorts of things can be mixed and used for them. 
In mixing independently, it performs as follows the addition to the polyamide system resin of these 
modifiers. Namely, the compound which had three or more carboxylic anhydride radicals in 1 molecule . 
to the polyamide system resin 100 weight section It is desirable 0.1 - 20 weight section, among those to 
consider as 0.5-15 weight section then. In a copolymer with alpha and beta-unsaturated-carboxylic-acid 
anhydride, styrene, and/or an olefin It is desirable 0.1-20 weight section, among those to consider as 
0.5 - 15 weight section then, and it is desirable 0.1-10 weight section, among those to make 
polycarbonate resin into 0.5 - 5 weight section then. 

[0033] The mixture of a modifier and polyamide system resin can once knead this with a Henschel 
mixer, a calendering roll, or an extruder, and can also make it a pellet type. In this way, subsequently to 
an extruder, what was made into the pellet type puts in and extrudes this, can make it able to foam, and 
can be made into foam. Thus, the above-mentioned mixture can be immediately put into an extruder, 
and extrusion foaming can be carried out without making it a pellet. 

[0034] An above-mentioned pellet only makes the amount of a modifier suitable, and in high 
temperature, melt viscosity can be made into 2,000-20,000poise, and it can make only 30 degrees C 
[ melting point / of the polyamide system resin of a basis ] of 1 .4 or more and melting tension a thing 2g 
or more for a die swell ratio. In this way, if the obtained pellet fuses this, includes a foaming agent in 
this and is extruded at moderate temperature, the extruded resin will become a thing with the viscosity 
suitable for foaming. For this reason, the extruded resin can be pulled, leaving air bubbles in resin 
without crushing the generated air bubbles. Moreover, even if it pulls the extruded resin, it cannot tear. 
Then, inserting this resin between rolls along with a mandrel, and preparing a form, it can fabricate and 
cool in a desired form and can consider as the foaming object of arbitration. 

[0035] Measurement of melt viscosity is performed as follows here. In order to measure melt viscosity 
about an above-mentioned pellet, after grinding a pellet finely and carrying out a vacuum drying at 1 10 
degrees C for 3 hours, this grinding object is heated from the melting point of the polyamide system 
resin of a basis to temperature only with high 30 degrees C, and Oriental Energy Machine factory 
KYAPI log rough is used for the viscosity of the obtained melt, and it is JIS. K It measures according to 
the approach specified to 7199. In this case, a diameter uses that whenever [ 10mm and fluid inlet 
angle / whose ] 1 .0mm and die length is 90 degrees, and a capillary tube makes it melt viscosity with the 
melt viscosity of appearance in case a shear rate is -1 for 608 seconds. 

[0036] When the sample which measures melt viscosity is foam to which it already foamed, more nearly 
first than the melting point of the polyamide system resin of a basis, in nitrogen-gas-atmosphere mind, it 
pressurizes for 3 minutes with the hot platen maintained at high temperature, air bubbles are removed, 
and only 30 degrees C is changed into the condition of not foaming. Melt viscosity is completely 
similarly measured with it being about an above-mentioned pellet after it. In addition, the temperature 
only with 30 degrees C higher than the melting point of polyamide system resin is 250 degrees C, when 
polyamide system resin is nylon 6, and when polyamide system resin is Nylon 66, it is 290 degrees C 
here. 

[0037] Measurement of a die swell ratio uses Oriental Energy Machine factory KYAPI log rough as well 
as measurement of above-mentioned melt viscosity, and is JIS. K It measures according to 7199. The 
capillary tube to be used makes the ratio into which the diameter measured the diameter of the breathed- 
out resin in the location which whenever [ 10mm and fluid inlet angle ] shall be [ 1.0mm and die 
length ] 90 degrees, and was separated from the capillary tube outlet 1 5mm, and divided the numeric 
value by the diameter of a capillary tube a die swell ratio like the time of measurement of melt viscosity. 
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[0038] Measurement of melting tension also uses Oriental Energy Machine factory KYAPI log rough. 
However, for a diameter, 2.095mm and the die length of the capillary tube used here is [ whenever / 
8mm and fluid inlet angle ] 90 degrees. The resin heated by predetermined temperature is extruded in 
the shape of a string at fixed piston-speed rate for /of 10mm, to a tension detection pulley, an extrusion 
object is led to the delivery roll for lOm/in through and rolling-up rate, and is rolled round, and the 
tension at that time is read, and let this be melting tension (g). However, when a string-like object cuts 
by part for lOm/and measurement of a rolling-up rate becomes impossible for this reason, the tension 
value in the taking over rate which is not cut is read, and let this be melting tension. 
[0039] When the reason which limited melt viscosity to 2,000-20,000poise is that the lack of a pressure 
causes internal foaming it not only becomes difficult for melt viscosity to maintain the extrusion 
pressure suitable for extrusion foaming in less than 2,000poise, but and it exceeds 20,000poise 
conversely, it is too high and is because it becomes impossible for extrusion to foam smoothly by 
becoming difficult. [ of a motor load ] 

[0040] Moreover, it is because it becomes difficult for a die swell ratio not to show sufficient elasticity 
for resin to control cellular destruction less than by 1 .4 at the time of extrusion foaming, therefore for the 
reason which limited the die swell ratio to 1 .4 or more to make it foam. Moreover, it is because it 
becomes difficult to fabricate the secondary foam when a die swell ratio heats again the foam obtained 
by extrusion foaming and fabricates it the 2nd order less than by 1 .4. It is desirable that it is still larger 
when it is going to obtain foam with large thickness, for example, when a die swell ratio tends to obtain 
the thing of 1 .5 or more and high expansion ratio preferably, carrying out to 1 .6 or more is [ 1 .45 or 
more ] desirable [ a die swell ratio ]. However, it is desirable that it is 3.0 or less. 
[0041] Moreover, the reason which limited melting tension to 2g or more is air bubbles are not only 
crushed, but that the extruded resin hangs down and goes out by self- weight since the resin with which 
melting tension was extruded by less than 2g does not have only the tension which inhibits cellular 
cancellation. 4g or more of melting tension is 6g or more still more preferably preferably. Moreover, 
when it is going to obtain the thing of high expansion ratio, it is desirable to be referred to as lOg or 
more. However, it is desirable to be referred to as lOOg or less. 

[0042] In this invention, above-mentioned reforming resin is put into an extruder, a foaming agent is 
included in this being fused, and it foams by extruding, as carried out conventionally. In this case, the 
foaming agent which can be used is the same as what has usually so far been used for making styrene 
resin and olefin system resin foam. If it divides roughly, inert gas, a hydrocarbon with the boiling point 
lower than the softening temperature of polyamide system resin, halogenated hydrocarbon, ketones, 
ether, etc. can be used. 

[0043] The inert gas which can be used as a foaming agent by this invention is carbon dioxide gas, 
nitrogen, air, etc. Moreover, although the hydrocarbon with the boiling point lower than the softening 
temperature of polyamide system resin is divided into saturated aliphatic hydrocarbon and a saturation 
alicycle group hydrocarbon, although it belongs to the former, examples are methane, ethane, a propane, 
butane, a pentane, a hexane, etc., and although it belongs to the latter, examples are a methyl 
cyclopropane, a cyclopentane, a cyclohexane, etc. The halogenated hydrocarbon with the boiling point 
lower than the softening temperature of polyamide system resin is trichloromonofluoromethane, fluoro 
carbon 21, monochlorodifluoromethane, trichlorofluoroethane, etc. Ketones with the boiling point lower 
than the softening temperature of polyamide system resin are an acetone, a methyl ethyl ketone, and an 
acetylacetone, and ether is wood ether and diethylether. 

[0044] Since polyamide system resin is the thing of absorptivity, it is desirable to dry first and to remove 
moisture before use. Using an ordinary moisture-absorption-and-drying machine, as 100-degree C air is 
circulated in it for about 4 hours, moisture is removed to it. In this way, dry resin is mixed with an 
above-mentioned modifier. In this case, although you may make it a pellet using an extruder as 
mentioned above, without making it a pellet with the mixer of a heating roller and others, and taking out 
as a pellet further, a foaming agent may be succeedingly included in this and extrusion foaming may be 
carried out. 

[0045] As an extruder, all of a twin screw extruder with two screws can be used also with a single screw 
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extruder with a single screw. That to which two screws rotate a twin screw extruder in the thing which 
rotates in the same direction with ******** mutually, or the different direction of the inner sense can 
also use all. It is desirable to prepare press fit opening in a part of barrel near an outlet, and to press a 
foaming agent fit in the extruder when carrying out knockout foaming from here. 
[0046] Metal mold is formed in the outlet of an extruder. When it is going to obtain a plate or a sheet as 
a configuration of foam, opening which is equivalent to metal mold in the cross section of a plate or a 
sheet is prepared. In the case of a sheet, circular ring-like opening can be prepared, resin can be extruded 
as a cylinder in it, a cylinder can be cleared later, and it can be made a sheet. 

[0047] The former for preparing the form of an extrusion object in a desired form is attached to them of 
metal mold. In the case of the metal mold which prepared circular ring-like opening, the former is taken 
as a cylinder-like mandrel. Moreover, as for the former, 1 set or two or more sets of rolls may be 
arranged in parallel. The former may be the thing of a gently-sloping curved-surface configuration in 
which what was a cylindrical shape at first shifts to a flat surface gradually. 

[0048] As for the desirable embodiment of this invention, it is desirable to extrude all over a low-voltage 
field, for example, atmospheric air, from opening of the metal mold which put into the extruder the 
mixture which added the above-mentioned modifier to this and was obtained after drying polyamide 
system resin, kneaded while heating and fusing mixture within the extruder, pressed the foaming agent 
fit from press fit opening prepared in the barrel of an extruder, considered as the fizz constituent, and 
prepared this fizz constituent in the outlet of an extruder. Then, polyamide system resin becomes what 
reforming was carried out and had the above melt viscosity, a die swell ratio, and melting tension, the 
resin extruded from opening of metal mold is held as it is, without crushing the air bubbles which it 
foamed and were moreover produced, without hanging down and going out with a self- weight, and only 
by the ability to have been able to apply the force of extent required for advance, the extruded resin runs 
without deforming greatly and serves as desired foam. 

[0049] In this invention, in order to make polyamide system resin foam smoothly, an above-mentioned 
modifier and the various additives other than a foaming agent can be used. The additive which can be 
used is used for processing of thermoplastics from the former. For example, a cellular nucleus regulator, 
a flame retarder, an antioxidant, an ultraviolet-ray-degradation inhibitor, a weatherproof improver, a 
coloring agent, a crystalline-nucleus agent, a thickener, etc. can be used. 

[0050] It is as follows when supplemented with explanation about the cellular nucleus regulator of them. 
In this invention, the impalpable powder of an inorganic compound or resin can be used as a cellular 
nucleus regulator. As an inorganic compound, talc, a silica, a mica, a mica, etc. can be used and 
fluororesin, such as PORIE truck fluoro ethylene, can be used as resin. As for the addition of a cellular 
nucleus regulator, it is desirable to consider as within the limits of 0.01 - 5 weight section to the 
polyamide system resin 100 weight section. By adding this cellular nucleus regulator, it can carry out 
that it is easy to make the air bubbles which had a uniform diameter in polyamide system resin generate. 
[0051] 

[Effect of the Invention] The foam obtained by this invention should have the property of polyamide 
system resin, and shall make it a desired form, and, moreover, it should foam to it uniformly minutely, 
and it should foam for the high scale factor. If it explains in full detail, since it has the property of 
polyamide system resin, this foam is tough and excellent in lubricity, abrasion resistance, chemical 
resistance, and oilproof. Moreover, since this foam can be made into a desired form, width of face can 
make it the form of a plate 100mm or more by within the limits whose thickness is 0. 1-3. 0mm by within 
the limits a sheet 500mm or more and whose thickness width of face is 3.0-20mm. Moreover, this foam 
should make the diameter of average air bubbles detailed within the limits of 0.1 -0.8mm, and should 
distribute air bubbles to homogeneity, can arrange especially the diameter of air bubbles within the 
limits of 0.15-0.4mm, and can distribute it uniformly. Moreover, this foam is a consistency 0.03 - 0.7 
g/cm3 It can be made within the limits and is 0.1 - 0.5 g/cm3 especially preferably to 0.05 - 0.6 g/cm3 
and a pan. It can be made within the limits. 

[0052] The diameter of average air bubbles as used in the field of here is ASTM. D It measures based on 
the approach of 2842-69. several air bubbles which will take the microphotography of the cross section 
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of the direction (the direction of TD) which intersects perpendicularly with the direction of extrusion 
(the direction of MD) of foam, and it, MD and the direction of TD, and the direction (the VD direction) 
that intersects perpendicularly, and will be applied on a straight line (straight-line die-length L) in the 
photograph if it explains in full detail - N to the average angular distance T - degree type T=L/N 
(formula 1) 

It computes "Be alike." Subsequently, the value of this T is used and the diameter D of average air 

bubbles is degree type D=T/0.616. (formula 2) 

It is the value which was boiled and was computed more. 

[0053] Furthermore, the foam obtained in this way has the special feature that the rate of an open cell is 
small. That is, this foam has the special feature which was not acquired until now in that the rate of an 
open cell has 50% or less of small value. For this reason, if this foam is reheated, foam will carry out a 
recurrence bubble and will increase expansion ratio. Therefore, this foam can be heated, the 2nd order 
can be fabricated and it can fabricate with foam (for example, a cop). Moreover, it excels also in 
adiathermic and insulation. Therefore, this foam can be used as a container, structural materials, 
structure material, a heat insulator, a sound insulating material, etc. 

[0054] The rate of an open cell is measured as follows here. Foam of 25 x 25mm is accumulated, the 
measurement sample which set thickness to about 30mm is used, the air made from Tokyo Science, 
party RISUN, a pycnometer, and a model 1000 are used as measuring equipment, and it is ASTM. The 
true volume Vx is measured by the air pycnometer method of D2856, and the rate of an open cell is 
computed according to a degree type. 

Rate (%) of open cell =(Va-Vx)/Vaxl00, however Va are the appearance volume (cm3) for which it 
asked from ** outside the measurement sample. 

[0055] Next, an example and the example of a comparison are given and the reason which is excellent in 

this invention is clarified concretely. The section is only the weight section in below. 

[0056] 

[Example 1] As polyamide system resin, nylon 6 (the Unitika, Ltd. make, A 1025, melting point of 220 
degrees C) After using (this is hereafter called nylon 6(1)) and drying with a moisture-absorption-and- 
drying machine at 1 10 degrees C beforehand for 4 hours, as a cellular nucleus regulator in this resin 100 
section The impalpable powder 1 .0 section of talc, As a modifier, the styrene maleic anhydride 
copolymer (the ARCO Chemical make, die Larc 232) (this is hereafter called styrene maleic anhydride 
copolymer (1)) was mixed by 5 ******, and this was mixed with the tumbler. 

[0057] This mixture was supplied to the hopper of a single screw extruder (the aperture of 65mm, ratio 
of length to diameter30), melting kneading was carried out within the extruder, and butane was pressed 
fit in this kneading object as a foaming agent from the middle of an extruder barrel. Circular metal mold 
was attached at the tip of an extruder, the slit with a diameter of 80mm in a circle was prepared in metal 
mold, and slit width was set to 0.4mm. 

[0058] Made polyamide system resin into the shape of a cylinder from metal mold, having used resin 
temperature at the time of extrusion as 265 degrees C, extruded in atmospheric air, subsequently it was 
made to go on along with a cylindrical mandrel (aperture of 205mm, die length of 400mm), and 
cylindrical foam was cut and opened in accordance with shaft orientations at the point, and it was made 
the sheet and rolled round. The mandrel was made to circulate through cooling water in that case. 
[0059] 0.38 g/cm3 and thickness are 23%, and, as for the consistency of the obtained foam, admitted 
being a good foaming sheet, as for 1mm and the rate of an open cell. 

[0060] In this way, the melting property of the obtained foaming sheet was measured as follows. The 
foaming sheet was first inserted between the hot platens heated by 30-degree C high 250 degrees C from 
the melting point (220 degrees C) of nylon 6, heating pressurization was carried out for 3 minutes in the 
ambient atmosphere, and the foaming agent and air which are included in the foaming sheet were 
removed. In this way, after obtaining the non-foaming sheet and carrying out cooling solidification of 
this, this was ground finely and the vacuum drying was carried out at 1 10 degrees C for 3 hours. In this 
way, the melt viscosity of the resin by which reforming was carried out according to the approach which 
indicated the obtained sample previously, a die swell ratio, and melting tension were measured. 
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[0061] The melt viscosity of the reforming resin in temperature only with 30 degrees C higher than the 
melting point of 220 degrees C of the nylon 6 of a basis was 2265poise, the die swell ratio was 1.84 and 
melting tension was 6.9g. 

[0062] Moreover, the moldability of the foaming sheet at the time of extrusion was evaluated in 
accordance with the following criteria. 

Foaming sheet moldability O stability of is done and sheet-izing is possible. Moreover, adjustment of 
the thickness of foam or a basis weight can be performed easily. 

Balun is unstable in a sheet hanging down a little with a foaming sheet moldability ** self- weight. 
Foaming sheet moldability By the time it starts x mandrel, a sheet can be torn, or it cannot split, and 
cannot develop in the shape of a sheet. Or since tension is small, it hangs down with a self-weight and 
cannot develop in the shape of a sheet. 

[0063] Moreover, the moldability at the time of reheating the obtained foaming sheet and carrying out 
secondary elaboration was evaluated in accordance with the following criteria. 

Secondary sheet heating moldability The width of face of O process condition is wide, and there is also 
little drawdown. Moreover, it excels also in deep drawability. 

The width of face of secondary sheet heating moldability ** drawdown, those with **, and a process 
condition is a little narrow. 

Secondary sheet heating moldability x drawdown is large and the width of face of a process condition is 
narrow. Moreover, shaping elongation is bad and a deep-drawing part is torn. 

[0064] The sheet moldability of the foaming sheet obtained in the example 1 was O, and the secondary 
sheet heating moldability was also O. It becomes as it was shown in Table 1, when the terms and 
conditions in an example 1 and the obtained result were summarized. 
[0065] 

[Examples 2-17] In this example, use the same thing as having used in the example 1 as polyamide 
system resin, or or use another nylon 6 (the Unitika, Ltd. make, A1030BRT) (this is hereafter called 
nylon 6 (2)), or or use still more nearly another nylon 6 (the Unitika, Ltd. make, Ml 040) (this is 
hereafter called nylon 6 (3)), or Nylon 66 (the Unitika, Ltd. make, A 142) (this is hereafter called Nylon 
66) of further others is used. Also as a modifier Used the same thing as having used in the example 1 , 
another styrene maleic anhydride copolymer (2), and (the Elf Atochem make and SMA1000P) were 
used, and another polycarbonate resin (Idemitsu petrochemical company make, TAFURON A2500) was 
used. 

[0066] Except it, the foaming sheet was obtained completely like the example 1 , and the melting 
property of the foaming sheet was measured. The combination in that case, a melting property, etc. are 
shown in Table 1-3. 
[0067] 

[The examples 1-9 of a comparison] Although this example of a comparison was carried out like 
examples 1-17, a modifier was not simply used and it reduced that amount used exceptionally. 
[0068] The melting property etc. was collectively indicated to be combination in that case to Table 1 
thru/or3. 
[0069] 

[Examples 18-26, the examples 10-18 of a comparison] It mixed with the tumbler, at Nylon shown in 
Tables 4-5, and the class and the rate of a compounding ratio of a modifier, this mixture was supplied to 
the hopper of a single screw extruder (the aperture of 40mm, ratio of length to diameter32), melting 
mixing was carried out, from the phi5mm nozzle metal mold for pellet creation, melt was extruded in 
the shape of a string, through cooling of the inside of a tank was carried out, the extrusion object was cut 
in the pelletizer, and the pellet was obtained. 1 10 degrees C, after carrying out the vacuum drying of the 
obtained pellet for 4 hours, melting property measurement was presented with it. The melting property 
measurement result was shown in Tables 4-5. 

[0070] Next, after absorbing moisture and drying the obtained pellet, it mixed with the tumbler with the 
talc 1 .0 section, and this mixture was supplied to the hopper of a single screw extruder (the aperture of 
65mm, ratio of length to diameter30), melting mixing was carried out, and butane (foaming agent) was 
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pressed fit in this melting mixture from the middle of an extruder. Metal mold used the circular metal 
mold of the diameter of 80mm, and 0.40mm of annular outlet gaps. And it took over extruding a tube- 
like object in atmospheric air, and making melting mixture foam from a metal mold outlet, and 
fabricated in the cylindrical mandrel (aperture of 205mm, die length of 400mm) in the shape of a 
cylinder, a part of the cylindrical foam was cut open, and it rolled round as the shape of a sheet. The 
cylindrical shape mandrel was made to circulate through cooling water in that case. 
[0071] The consistency of the obtained foam, thickness, and the rate of an open cell were shown in 
Tables 4-5. 
[0072] 

[Examples 27-30, the examples 19-20 of a comparison] It is Nylon shown in Table 6, and the class and 
the rate of a compounding ratio of a modifier, and the talc 1 .0 section was mixed with the tumbler as a 
cellular nucleus regulator, this mixture was supplied to the hopper of a single screw extruder (the 
aperture of 65mm, ratio of length to diameter30), melting mixing was carried out, and butane (foaming 
agent) was pressed fit in this melting mixture from the middle of an extruder. Metal mold used T dice of 
width of face of 600mm, and 0.8mm of outlet gaps. And extruding a plate in atmospheric air and making 
melting resin foam from metal mold, the gap of the phiSOmm drive cooling roller of the vertical (about 
5mm) pair close to T dice was passed, and it fabricated to tabular. The cooling roller was made to 
circulate through cooling water in that case. Moreover, the gap of a cooling roller was set to 15mm. 
[0073] The consistency of the obtained tabular foam, thickness, and the rate of an open cell were shown 
in Table 6. 

[0074] In addition, the following criteria estimated the moldability of tabular foam. 

Moldability of tabular foam O appearance is good and shaping of the tabular foam which is excellent in 

surface smooth nature is possible. 

Although moldability ** shaping of tabular foam is possible, it is a little unstable. 

moldability of tabular foam corrugated ** of the shape of x shaping impossible or a wave — it does not 

carry out. moreover, the high twice of foam — izing is difficult and a big cavity is made in the interior of 

foam. 

[0075] 

[Table 1] 
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[0076] 
[Table 2] 
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[Table 3] 
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[0078] 
[Table 4] 
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[Table 5] 
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[0080] 
[Table 6] 
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[Translation done.] 
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